An efficient and convenient approach to the synthesis of 2-amino-3cyano-4-aryl-7,7-dimethyl-5-oxo-4H-5, 6, 7, 8-tetrahydro benzo[b]pyran derivatives using tetrabutylammonium bromide (TBABr) as the catalyst is described. This method provides several advantages such as neutral conditions, high yields and simple work procedure.
Introduction
In recent years 4H benzo [b] pyrans and their derivatives have attracted considerable attention due to their wide range of biological activities 1 . Further more these compounds can be employed as pigments, photoactive materials 2 and they constitute the structural unit of a series of natural products 3 .
The importance of these compounds has led many workers to synthesize them using methods including microwave 4 , electrosynthesis 5 or by using catalysts like hexadecyltrimethylammonium bromide (HTMAB) 6 , triethylbenzylammonium chloride (TEBA) 7 , (s)-proline 8 , perfluorooctanoate [RE(PFO) 3 ] 9 and N-methylimidazole 10 . Each of the above methods has its own merits, while some are plegued by limitation of poor yields, difficult work up and toxic effluents. TBABr has been used 11 in many organic reactions as a catalyst. However, the use of TBABr as catalyst in the synthesis of tetrahydro benzo[b]pyran derivatives has not been reported. In the present investigation we wish to report efficient procedure for the synthesis of tetrahydrobenzo[b]pyrans using an inexpensive and commercially available TBABr as catalyst. In addition, water was chosen as a green solvent, which also gives the corresponding products in excellent yields.
Experimental

Materials and methods
All the chemicals were purchased from s.d.fine chem. Limited (India) and were used as such without further purification. Melting points were determined by open capillary method and are uncorrected. Infrared (IR) spectra were recorded on Avatar-330 FTIR spectrometer. 1 H NMR and 13 C NMR spectra were obtained on a Bruker AMXC-500MHz Spectrometer in DMSO. Chemical shifts are expressed in δ (ppm) values. The following abbreviations were used to indicate the peak multiplicity s-singlet, d-doublet, t-triplet, qquartet, and m-multiplet.
Methods A and B
In a typical procedure, equimolar amounts of arylaldehyde 1, malononitrile 2 and dimedone (5,5-dimethyl-1,3-cyclohexanedione) 3, were mixed with tetrabutylammonium bromide (10 mol %) in 15 cm 3 90% of ethanol (method A) or in 15 cm 3 water (method B) and refluxed with stirring for the specific time indicated in Table 1 . After the completion of the reaction, the mixture was cooled to room temperature and poured into ice (method A) or was kept at refrigerator overnight (method B) to get the crude products. The crude products were purified by recrystallization from ethanol. 
Method C
A mixture of the reactants as given in methods A and B was grounded for the appropriate time using a dry mortar and pestle. The initial reaction mixture solidified within 5-70 min.
The solid was washed with cold water and recrystallized from ethanol. -3-cyano-5,6,7,8-tetrahydro-7,7-dimethyl-4-(3,4-dimethoxyphenyl 
2-Amino
-3-cyano-5,6,7,8-tetrahydro-7,7-dimethyl-4-(3-chlorophenyl)-5-oxo-4H- benzopyran (4c) IR (KBr) cm -1 3419 (NH 2 ), 2961 (C-H),
Results and Discussion
A mixture of benzaldehyde, malononitrile and 5,5-dimethyl-1,3-cyclohexanedione (dimedone) were treated with tetrabutylammoniumbromide under three different conditions, namely (i) using ethanol as solvent (method A); (ii) using water as reaction medium (method B); (iii) grinding in a mortar with pestle (method C) at room temperature, to give desired product derivatives (Scheme 1). To explore the scope of this reaction, we extended the reaction to various aromatic aldehydes. The reaction time, yield and the physical constants of various products obtained by the reaction are given in Table 1 .
Scheme 1
The yields are, in general, very high regardless of the structural variations in aromatic aldehyde, but show obvious effects in terms of reaction time, under these reaction conditions. Aromatic aldehydes containing electron-donating groups (such as alkoxy group, methyl group and dimethylamino group, 4h-k in table 1) have taken longer reaction time, whereas the reaction time is less for the aldehyde containing electron-withdrawing groups (such as nitro or halide, 4b-g and 4l-m in table 1).
The catalyst plays a crucial role in the success of the reaction in terms of the rate and the yields. For example, benzaldehyde reacts with malonitrile and dimedone in the presence of 1 mol% TBABr in ethanol giving the product 4a of 70% yield. Increasing the percentage of catalyst to 5 mol% and 10 mol% results the yields 82% and 92% respectively. Higher amounts of the catalyst did not improve the results to a greater extent. Thus, 10 mol% TBABr was chosen as the maximum quantity of catalyst used for these reactions. We performed the reaction in ethanol without the catalyst and isolated the cyano olefin intermediate and unreacted 3.
A mechanism for the reaction is outlined in Scheme 2. The reaction proceeds via initial formation of cyanoolefin [A] formed by the condensation of aryl aldehyde 1 and malononitrile 2.Cyanoolefin [A] reacts with the active methylene moiety of 3 giving intermediate [B] which subsequently cyclises to afford the desired compound 4. The water molecule eliminated in the first step plays a key role in the cyclisation process.
Scheme 2
Conclusion
We have described a general and highly efficient procedure for the preparation of tetrahydrobenzo[b]pyrans catalysed by TBABr three component condensation under three different conditions. Among the above methods, the solvent-free procedure (method C) provided the best results. Although the reaction carried out in water (method B) showed similar results as in ethanol (method A), they are less expensive and less toxic than those with organic solvents. Compared to other methods using TBABr as catalyst, has several advantages including high yields, inexpensive operation and minimal environmental impact which make it a useful process for the synthesis of these compounds.
